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Fiber  Qualities  and  Culture  oi 
Phorminm  in  California 

By  John  Milton  Webber,  formerly  agronomist,  Crops  Research  Division, 
Agricultural  Research  Service 

Pliormium  {Phorminm  tenax  Forst.),  a perennial  herb  native  to 
New  Zealand  and  Norfolk  Island,  is  grown  in  many  countries  as  an 
ornamental  and  as  a source  of  fiber  for  cordage.  It  has  become  widely 
established  as  a garden  and  park  plant  in  California,  both  along  the 
coast  and  on  inland  areas.  Although  at  present  its  importance  in 
California  is  due  chiefly  to  its  decorative  nature,  it  was  introduced 
(in  1858)  and  first  propagated  in  the  State  mainly  because  of  the 
value  of  its  fiber.  The  earliest  publications  referring  to  phorminm 
as  a California  plant  {8^  12^  15^  16^  25Y  mention  it  as  furnishing  con- 
venient tying  material  for  use  in  gardens  and  vineyards. 

The  phorminm  plant  has  a compound  rhizome  and  produces  long 
upright  sword-shaped  leaves  in  fans,  or  shoots,  that  form  clumps 
(fig.  1).  The  mature  plant,  grown  under  the  most  favorable  Cali- 
fornia conditions,  has  leaves  about  8 to  12  feet  long. 

Nineteenth-century  reports  of  the  U.S.  Department  of  Agriculture 
and  the  University  of  California  (<§,  12^  15)  include  numerous  ac- 
counts of  phorminm  culture  in  California.  In  general  they  indicate 
that  phorminm,  if  it  once  gets  started,  will  grow  in  almost  any  part 
of  the  State  where  frosts  are  not  too  heavy,  but  that  in  the  interior 
valleys  and  along  the  coast  south  of  San  Luis  Obispo  it  needs  irriga- 
tion and  partial  shade. 

Between  1917  and  1920,  interest  in  fiber  production  led  the  U.S. 
Department  of  Agriculture  to  make  experimental  plantings  of  phor- 
mium  along  the  west  coast  from  San  Diego,  Calif.,  to  Seattle,  Wash., 
and  as  far  inland  as  Brawley,  Fresno,  and  Chico,  Calif.  The  studies 
reported  in  this  publication  were  made  in  1950-60.  Thousands  of 
phorminm  plants  were  set  out  on  28  California  areas  ranging  in 
size  from  a few  square  yards  to  an  acre  or  more,  along  the  coast  from 

^ The  19.50-60  studies  on  which  this  report  is  chiefly  based  were  made  in 
cooperation  with  the  University  of  California  Botanic  Garden  and  Department 
of  Botany. 

^ Italic  number  in  parentheses  refer  to  Literature  Cited,  p.  19. 
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Figi^re  1. — Pliormiuni  in  an  unirrigated  plot  in  Berkeley  (aboA’e)  when  about 
4 years  old,  in  1955,  and  (below)  when  about  9 years  old. 

San  Luis  Obispo  to  the  State’s  northern  boundary.  Data  on  these 
plantings,  together  with  records  and  observations  on  plants  in  gardens, 
afford  ample  evidence  that  there  are  large  areas  in  California  where 
environmental  conditions  favor  phorminm.  In  much  of  the  area 
where  tlie  |)lant  has  ornamental  value,  however,  its  culture  for  liber 
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is  limited  by  such  factors  as  the  relatively  high  land  costs  and  the 
labor  requirement. 

ENVIRONMENTAL  AND  CULTURAL 
REQUIREMENTS 

Temperature 

Death  of  phormium  in  California  due  to  cold  weather  has  been 
reported  {12)  from  only  one  locality — Cay  ton,  Shasta  County,  about 
3,300  feet  above  sea  level.  The  lethal  temperature  was  not  deter- 
mined. In  other  California  areas,  both  inland  and  on  the  coast, 
temperatures  of  24°  to  18°  F.  have  caused  little  or  no  damage  to 
phormium. 

In  the  bright,  hot  valleys  of  California,  shaded  plants  usually  grow 
large  and  vigorous,  but  exposed  ones  fail  to  grow  to  full  size  and 
frequently  have  sunburned  leaves. 

Humidity  and  Irrigation 

Phormium  grows  better  on  coastal  areas  of  California  than  it  does 
on  the  warmer,  less  humid  inland  areas.  Plants  on  coastal  areas 
north  of  Santa  Cruz  greAv  Avell  under  natural  moisture  conditions 
(fig.  1) , but  those  on  inland  areas  and  on  the  coast  south  of  Santa  Cruz 
required  light  to  moderate  irrigation.  Coastal  plantings  in  the  cool 
and  foggy  vicinity  of  Inverness  yielded  1.4  times  as  many  pounds  of 
fresh  leaves  per  acre  per  year  as  those  in  the  slightly  warmer,  drier 
Aucinity  of  Berkeley.  The  Inverness  plants  also  flowered  and  fruited 
more  freely.  In  a 2-year  period  they  aA^eraged  3.2  inflorescences  per 
plant  per  year,  Avhile  the  Berkeley  plants  aA^eraged  only  1.5. 

The  most  luxuriant  phormium  groAvth  and  reproduction  observed 
Avere  found  in  irrigated  gardens  and  parks  in  or  near  San  Francisco 
(fig.  2),  Eureka,  and  Crescent  City. 

Kind  of  Soil,  Soil  Tilth,  and  Drainage 

Phormium  groAvs  Avell  in  many  kinds  of  soil.  It  groAvs  best  in  rich 
alluAual  loam  or  peat.  Plants  in  alluAual  soil  near  Cambria,  on  an 
average,  had  about  1.2  times  as  many  shoots  and  about  1.7  times  as 
great  leaf  lengths  as  plants  of  the  same  age  groAving  nearby  in  hillside 
graA^el.  At  Berkeley,  plants  groAvn  in  fine  loam  yielded  1.5  times  as 
great  Aveights  of  fresh  leaves  as  those  in  adobe. 

All  plantings  made  on  Aveed-free,  semicultivated  soil  rooted  rapidly 
and  greAv  Augorously.  After  2 or  3 years,  the  plants  Avere  large  enough 
to  compete  Avith  weeds  and  become  adjusted  to  natural  soil  conditions. 
The  plants  set  out  on  Aveedy,  packed  soil  rooted  poorly  and  either  died 
or  barely  surAUA^ed.  After  6 or  more  years  in  the  field,  those  surviAung 
AA^ere  scarcely  larger  than  Avhen  planted. 
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Figure  2. — Volunteer  phormium  seedlings  around  irrigated  mature  pliormium 
plants  in  Golden  Gate  Park,  San  Francisco,  1950. 


Phormium  has  been  reported  to  grow  best  in  moderately  moist, 
well-drained  soil  (<§).  In  plantings  near  Cambria,  a gradual  tran- 
sition from  good  to  poor  growth  accompanied  that  from  well-drained 
to  swampy  soil;  on  a swampy  area  near  Inverness,  only  the  plants 
set  out  on  small  knolls  survived;  and  at  Trinidad  well-drained, 
poorly  drained,  and  semis wanip  areas,  respectively,  produced  fairly 
good,  medium,  and  poor  plants. 

Fertilizer  tests  involving  nitrogen,  phosphate,  and  potash  used 
singly  and  in  all  combinations  were  conducted  on  two  sites.  The 
fertilizers  appeared  to  have  no  effect  on  leaf  yield,  fiber  percentage, 
or  fiber  quality. 

INJURY  BY  RODENTS,  CATTLE,  AND  INSECTS 

Mice  and  pocket  gophers  caused  serious  damage  to  phormium 
plants.  Mouse  injury  occurred  chiefly  in  the  San  Francisco  Bay 
vicinity.  Gopher  damage  extended  from  Cambria  northward.  In 
severe  infestations  near  Inverness,  gophers  destroyed  more  than  400 
large  plants  within  2 years  and  mice  badly  damaged  from  3.6  to  5.9 
percent  of  the  fresh  leaves  of  565  plants  within  a few  months. 

Cattle  destroyed  many  seedlings  and  divisions.  All  plants  de- 
stroyed by  cattle  Avere  newly  planted  ones  that  the  cattle  simply 
pulled  out  of  the  ground.  When  cattle  got  among  well-established 
plants,  they  neither  ate  nor  mutilated  them.  No  evidence  Avas  found 
that  cattle  ate  phormium  plants,  although  an  1887  report  of  the 
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University  of  California  {16)  quoted  a letter  saying  that  cattle  had 
done  so. 

Red  scale  {ChrysoniphaJus  aurantH  Mask.),  red  spider  {Tetrany- 
chiis  telai'lns  (L.)  and  Tetranychus  sp.),  and  mealybug  {Pseudo- 
coccus spp.)  were  found  to  infest  phormium.  Red  scale  occurred 
only  on  the  leaves  of  a few  poorly  kept  garden  ]3lants  in  southern 
California.  Red  spiders  attacked  plants  as  far  north  as  Berkeley; 
mealybugs,  as  far  north  as  Fort  Bragg.  In  the  experimental  field 
plantings,  both  these  insects  were  comparatively  scarce  and  rarely 
required  control.  In  greenhouses,  on  the  other  hand,  they  became 
plentiful  enough  to  cause  considerable  damage  unless  controlled. 
Red  spider  infested  only  the  leaves  of  fairly  young  plants.  Mealy- 
bug attacked  leaves,  stems,  and  roots  of  both  young  and  old  plants. 
Dense  infestations  of  red  spider  caused  the  leaves  to  become  mottled 
with  a whitish  color.  Similar  concentrations  of  mealybug  caused 
them  to  turn  yellow.  In  both  cases  the  leaves  and  then  the  plant 
usually  died  prematurely. 

DISEASES 

Three  diseases  were  found  to  be  serious  in  phormium : Damping- 
off  (caused  by  Pytliium  sp.),  charcoal  rot  (caused  by  Sclerotium 
hatatlcola  Taiib.),  and  anthracnose  (caused  by  C oil'd  at  rlchuui 
gleosporioides  Penz.).  Damping-off  infestations  were  limited  to 
crowded  seedlings  in  greenhouse  flats. 

The  symptoms  of  charcoal  rot  are  very  similar  to  those  reported 
{3.  4)  foi'  yellow-leaf  disease.  The  affected  stems  rot,  and  the  leaves 
turn  yellow.  Charcoal  rot  progresses  slowly  from  one  shoot  of  a 
plant  to  another.  In  a few  instances  its  progress  stopped  and  the 
remaining  shoots  continued  to  grow  normally. 

The  occurrence  of  charcoal  rot  depended  largely  upon  the  culture 
and  growing  condition  of  the  plants.  It  was  less  during  the  rainy 
season  and  in  well-kept  plantings.  At  Cambria  and  Eureka,  plant- 
ings that  had  been  free  of  the  disease  became  badly  infected  when 
cultivation  and  irrigation  were  discontinued.  In  the  ^dcinity  of 
San  Francisco  Bay  the  disease  did  not  occur  in  plantings  near  Inver- 
ness but  was  common  in  the  somewhat  warmer,  drier  locality  of 
Berkeley  (table  1). 

Charcoal  rot  was  more  conunon  in  seedling  populations  than  in 
clones,  and  the  difference  in  percentage  of  infection  among  diseased 
clones  was  much  greater  than  that  among  diseased  seedling  popula- 
tions (table  1).  The  data  suggest  that  some  clones  have  complete 
resistance  and  some  others  have  none,  and  that  a seedling  population 
may  be  entirely  resistant  or  contain  both  resistant  and  susceptible 
individuals.  The  yearly  decrease  in  seedling  losses  in  a planting 
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(512  plants)  observed  at  Berkeley,  from  1.58  percent  at  3i/^  years 
to  1.17  percent  at  41/2  years  and  0.78  percent  at  5i/^  years,  suggests 
that  the  percentage  of  susceptible  plants  was  being  reduced. 

Anthracnose  lesions  appeared  as  small  yellow  areas  on  the  expanded 
part  of  the  leaf.  These  areas  slowly  enlarged,  then  the  affected  parts 
of  the  leaf  died.  Finally  the  dead  parts  turned  straw  color,  and 
numerous  black,  dotlike  abrasions  developed  on  them. 

The  incidence  of  anthracnose  varied  according  to  the  leaves’  state 
of  vigor.  At  Berkeley,  the  disease  occurred  mainly  on  leaves  that 
had  been  sunburned.  Xot  only  was  the  disease  more  prevalent  on 
drooping-leafed  plants,  but  88  percent  of  the  infections  on  such  plants 
were  at  or  above  the  area  where  the  droop  began. 

Anthracnose  occurred  in  all  plantings  from  Cambria  northward. 
At  Berkeley,  in  1958,  approximately  44  percent  of  the  plants  had 
anthracnose;  but  it  was  estimated  that  less  than  1 percent  of  the 
leaves  of  these  plants  were  diseased.  Xear  Inverness,  at  the  same 
time,  only  26  percent  of  the  plants  were  diseased,  only  one  or  two 
leaves  of  each  diseased  plant  were  affected,  and  the  symptoms  were 
mild. 

WEED  CONTROL 

Although  the  observation  that  young  planted  phormium  cannot 
compete  with  weeds  has  been  reported  in  several  publications  (d,  13^ 
21^  23) , no  information  on  chemical  weed  control  in  phormium  culture 
was  available  when  the  present  studies  began.  On  the  basis  of  re- 
sults of  considerable  experimentation  with  a dozen  or  more  chemical 
treatments,  the  following  were  used  to  control  weeds  in  the  experi- 
mental plantings : 

Preemergence  control  of  annual  weeds:  Diuron  [3- (3,4  dichloro- 
phenyl) -1,1-dimethylurea]  applied  at  6.0  pounds  per  acre  shortly 
before  or  after  the  first  winter  rains,  or  applied  at  4.0  pounds  per 
acre  at  such  a time  and  again  at  2.0  pounds  per  acre  in  early  spring 
before  the  last  spring  rains. 

Post  emergence  control:  (1)  General:  DXBP,  the  alkanolamine 
sale  (Ethanol  and  Isopropanol  series)  of  [4,6-dinitro-o-sec-butyl- 
phenol]  at  3.0  pounds  per  acre.  (2)  Broadleaf  weeds:  2,4-D  at  2.0 
pounds  per  acre.  (3)  Monocotyledons:  dalapon  [sodium  salt  of 
2,2-dichloropropionic  acid]  at  5.0  pounds  per  acre,  applied  on  a warm, 
sunny  day. 

Combinations:  To  control  broadleaf  weeds,  perennial  or  annual, 
diuron  at  2.0  and  4.0  pounds  and  2,4-D  at  2.0  pounds  per  acre  were 
frequently  combined.  Occasionally  combinations  of  diuron  and 
dalapon  or  of  diuron  and  DXBP  were  used. 
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At  the  strengths  given,  none  of  the  chemicals  was  observed  to 
injure  phormiiim.  (C.  K.  Stanton  has  reported  that  dalapon  slightly 
injured  some  phorminm  leaves  in  plantings  near  Yachats,  Oreg.) 

YIELD 

Fresh  Leaves 

Investigators  {6^  10^  19^  21)  have  reported  the  ages  at  which  phor- 
minm plants  in  Yew  Zealand  and  elsewhere  yield  their  first  harvest 
of  leaves  as  from  3 to  6 years  for  divisions  and  from  5 to  8 years  for 
seedlings,  and  have  reported  yields  of  fresh  leaves  per  acre  per  year 
as  from  5 to  11  tons.  In  the  California  studies,  yield  was  determined 
for  eight  plantings  in  which  the  plants  were  spaced  6x6  feet 
(table  2).  Ages  at  first  harvest  corresponded  with  those  previously 
reported  for  divisions  but  were  4 years  or  less  for  seedlings,  and  the 
range  of  yield  i:)er  acre  was  from  1.2  to  9.3  tons.  The  seedling  yields 
(at  Berkeley),  although  they  seem  low,  were  increasing  at  a fairly 
rapid  rate;  the  4-year-old  seedlings  yielded  about  400  pounds  per 
acre  per  year  more  than  those  5 months  younger. 

Fiber  Percentage  and  Related  Leaf  Characteristics 

The  fiber  yield  of  fresh  phorminm  leaves  grown  in  Yew  Zealand 
and  elsewhere  has  been  rej^orted  as  ranging  from  5.2  to  27.4  percent 
for  unscutched  fiber  and  from  2.5  to  18.8  percent  for  finished  fiber 
(^,  23).  The  variation  can  be  attributed  principally  to  these 

causes. 


Table  2. — Yield  of  fresh  leases  of  fhoTmium  flants  sjyaced  6x6  feet 
in  8 plantings.^  Berkeley  and  Inverness.^  1950-60 


Locality  and  plants 

Age  of  leaves 

Yield  per  acre 

at  harvest 

per  year 

Months 

T ons 

Berkeley : 

68  seedlings 

43 

1.  2 

143  seedlings 

48 

1.  4 

5 plants  of  clone  4 

56 

6.  6 

90  plants  of  clone  1 

Inverness: 

69 

3.  5 

138  plants  of  clone  34 

53 

6.  6 

5 plants  of  clone  4 

56 

9.  3 

12  plants  of  2 clones___ 

35 

2.  7 

36  plants  of  6 clones __ 

45 

7.  6 
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( 1 ) Differences  in  proportion  of  fiber  among  varieties. 

(2)  Lack  of  a uniform  standard  for  determining  and  reporting 
proportion  of  fiber. 

(3)  Calculating  fiber  content  on  the  basis  of  unclean  fiber  and  of 
varying  degrees  of  fiber  recovery  {1^3^11^  18^  26) . 

(4)  Calculating  fiber  content  on  the  basis  of  an  inadequate  qiiantity 
of  material.  Ample  material  is  needed  because  of  differences  in  fiber 
content  among  different  parts  of  the  leaf  {11)^  among  leaves  of  differ- 
ent ages  {9^  ^4),  and  among  leaves  from  different  locations  within  the 
plant  clump. 

The  average  fiber  yield  of  fresh  leaves  of  phorminm  has  been 
reported  to  range  among  different  varieties  from  5.2  to  22.4  percent 
for  imscutched  fiber  and  from  2.5  to  18.8  percent  for  finished  fiber 
{1,11,2.3). 

The  moisture  content  of  phorminm  leafage  has  been  reported  (i,  5) 
to  average  about  70.0  percent  for  the  whole  leaf,  62.6  percent  for  the 
top,  and  about  74.0  percent  for  the  butt.  (The  terms  ^hiitt”  and  ^Top,” 
as  used  here,  designate  the  parts  below  and  above  the  line  at  Avhich  the 
leaf  unfolds.)  The  moisture  content  of  leaves  from  outside  fans  of 
15  clones  at  Berkeley  ranged  from  71.2  to  74.5  percent,  averaging  72.9 
percent  (table  3).  In  another  series  of  16  clones  moisture  content 


Table  3. — Moisture  content^  hutt-top  loeiglit  ratio^  and  fiber  yield  of 
fresh  yliormium  leaves  from  outside  fans  of  15  clones^  Berkeley 


Clone  No. 

Moisture 
content  ^ 

Butt-top 
weight 
ratio  ^ 

Fiber  yield  2 

1 

Percent 

73.  10 

2.  60 

Percent 

18.  72 

2 

73.  29 

3.  43 

18.  05 

3 

71.  63 

2.  14 

19.  12 

4 

71.  39 

2.  03 

19.  94 

5 

74.  47 

2.  60 

17.  97 

6 

72.  85 

2.  45 

17.  46 

7 

72.  32 

2.  24 

18.  95 

8 

73.  37 

2.  82 

20.  38 

9 

74.  26 

3.  36 

16.  36 

10 

73.  58 

2.  67 

18.  67 

11 _ 

73.  74 

2.  85 

18.  07 

12 _ 

71.  16 

1.  73 

19.  85 

13 

72.  89 

2.  95 

18.  98 

14 

72.  11 

2.  16 

17.  20 

15 

73.  32 

2.  70 

19.  55 

Average 

72.  90 

2.  58 

18.  62 

^ Determinations  based  on  longitudinal  halves  of  the  1st,  2d,  and  3d  leaves  of 
one  half  of  each  fan. 

2 Determinations  based  on  fresh  weights  of  the  1st  and  3d  leaves  of  the  other 
half  of  each  fan  used  in  determining  moisture  content  and  butt-top  weight  ratio 
and  the  weight  of  mechanically  processed  air-dried  fiber.  (Tests  indicated  that 
the  processed  and  air-dried  fiber  contained  about  1.5  percent  moisture.) 
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ranged  from  71.5  to  75.2  percent  for  the  whole  leaf,  from  61.2  to  66.8 
percent  for  the  leaf  top,  and  from  73.8  to  80.3  percent  for  the  leaf  butt. 

Among  30  clones  at  Berkeley  the  average  fiber  yield  ranged  from 
16.5  to  20.6  percent  for  partly  clean  air-dried  fiber.  Among  the  15  of 
these  clones  represented  in  table  3 the  fiber  yield  of  leaves  from  ontside 
fans  ranged  from  16.36  to  20.38  percent  on  an  air-dried  basis  and  from 
11.86  to  18.88  percent  (average,  17.12  percent)  on  a moistnre-free 
basis.  According  to  these  figures,  the  residue  ranged  from  8.75  to 
12.19  percent  and  aA^raged  9.98  percent.  The  residue  inclndes  cuticle, 
gum,  chlorophyll,  etc. 

Fiber  percentage  in  the  phorminm  leaf  is  correlated  with  the  butt- 
top  Aveight  ratio  (the  Aveight  of  the  butt  divided  by  the  Aveight  of  the 
top).  For  the  15  clones  at  Berkeley  represented  in  table  3,  this  cor- 
relation is  —0.6475.  This  shoAvs  that  the  butt-top  Aveight  ratio  of 
these  clones  determined  their  fiber  yield  to  the  extent  of  42  percent. 
Among  these  15  clones  the  butt -top  Aveight  ratio  ranged  from  1.73  to 
3.43,  averaging  2.58.  Because  the  butt-top  Aveight  ratio  is  not  con- 
stant, combined  averages  of  butt  and  top  fiber  percentages  fail  to 
reflect  accurately  the  percentages  of  fiber  in  Avhole  leaA^es. 

In  four  clones  at  Berkeley  for  AAdiich  butt-top  ratio  Avas  considered 
with  reference  to  leaf  age  and  fan  location  (inside  or  outside),  the 
ratio  Availed  significantly  Avith  both  factors  (table  4).  Its  greatest 
difference  according  to  age  of  leaf  Avas  betAveen  the  youngest  and  the 
next-to-youngest  pair  of  leaves.  The  average  ratio  for  the  second 
pair  of  leaves  was  1.2  times  that  for  the  youngest.  The  aAwage  ratio 
for  leaves  from  inside  fans  of  the  plant  clump  (3.03)  likeAvise  Avas  1.2 
times  that  for  leaves  from  outside  fans  (2.58). 

Significant  differences  in  average  fiber  yield  Avere  found  betAveen 
butts  and  tops  and  betAA^een  bruised  and  unbruised  leaf  material 
(table  5).  Bruised  butts  yielded  more  fiber  than  the  unbruised, 
but  bruised  tops  yielded  less  than  the  unbruised.  Old  butts  3delded 
more  than  the  young,  but  old  tops  yielded  less  than  the  young.  Fiber 
percentage  increased  upAvard  in  the  butt,  reached  a maximum  in  the 
loAver  part  of  the  top,  and  decreased  in  the  upper  part  of  the  top. 

Fiber  loss  Avas  greater  in  bruised  than  in  unbruised  material,  less 
in  young  leaA^es  than  in  old  leaA^es,  and  much  less  in  butts  (0.34 
percent)  than  in  tops  (1.93  percent). 
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Table  5. — Average  total  -fiber  yields  and  average  fiber  loss  {tow)  in 
hand  strip j)ing ^ of  phormium  leaf  material  according  to  location  in 
the  leaf^  age  of  leaf^  and  condition  as  to  bruising^  Berkeley  ^ 


Leaf  material 

Butt 

Top 

Average 
for  butt 
and  top 
combined 

Average 
fiber  loss 
(tow) 

Uiibruised 

Percent 

9.  93  a 
10.  88  b 

Percent 

19.  31  d 
16.  57  c 

Percent 

14.  62  b 
13.  72  a 

Percent 

0.  95 

1.  31 

Bruised 

Old  

10.  85  b 

9.  96  a 

17.  07  c 

18.  82  d 

13.  96  a 

14.  39  a 

1.  26 

1.  00 

Young 

LoAA^er  part 

9.  05  a 
11.  76  b 

18.  75  d 
17.  14  c 

13.  90  a 

14.  45  a 

1.  11 

1.  16 

Upper  part 

Average 

10.  41  a 

17.  94  b 

1 The  terms  “butt”  and  “top,”  as  used  here,  designate  the  parts  below  and 
above  the  line  at  which  the  leaf  unfolds.  “Young”  leaf  material=first  pair 
of  leaves,  on  opposite  sides  of  center  Juvenile  leaf.  “Old”  leaf  material=third 
pair  of  leaves.  Bruising  w^as  done  deliberately  to  facilitate  processing.  It  did 
not  simulate  standard  utilization  procedure.  Material  represented  by  data: 
7K-inch  sections  from  a single  plant  of  each  of  2 clones,  as  follows:  Lower  and 
upper  parts  of  butt  and  of  top,  24  sections  each;  butt  and  top,  48  sections  each; 
old,  young,  bruised,  and  unbruised,  96  sections  each.  Process:  15-lb.  steam 
pressure  for  3 hours  in  8 cc.  of  3.0-percent  aqueous  solution  of  sodium  sulfite 
per  gram  of  fresh  leaves.  Percentages  are  based  on  weights  of  fresh  material 
and  of  moisture-free  fiber.  Any  two  means  within  the  same  cell  (space  enclosed 
by  heavy  lines)  that  are  not  followed  by  the  same  letter  differ  significantly  from 
each  other  at  the  5-percent  level. 


FIBER  QUALITY 

The  color  of  phormium  fiber  has  been  reported  as  nearly  white, 
brownish  yellow,  and  reddish  yellow,  and  its  length  as  from  3 to  12 
feet  (7,  77,  7P,  26).  There  is  considerable  disagreement  as  to  the 
strength  and  weathering  qualities  of  the  fiber  (^,  7,  7^,  7P,  ^6“,  27) . In 
general,  phormium  fiber  is  considered  to  be  weaker  and  less  resistant 
to  moisture  than  abaca,  about  equal  in  both  qualities  to  sisal,  and 
stronger  and  more  resistant  to  weathering  than  henequen.  Test 
ropes  made  by  the  Materials  Laboratory,  Boston  Naval  Shipyard, 
from  phormium  fiber  produced  in  Oregon  Avere  reported  {22)  to  haA^e 
fair  physical  properties  but  to  be  deficient  in  Aveather  resistance, 
particularly  in  marine  eiiAdronments.  Hopes  blended  of  lialf  phor- 
mium and  half  Central  American  abaca  in  general  had  85  percent  as 
much  strength  and  durability  as  ropes  made  entirely  of  Central 
American  abaca,  and  they  compared  faAmrably  Avith  sisal  ropes. 
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PROPAGATION 

Seed 

Fresh  seed  of  pliormium  has  been  reported  to  germinate  Avithin 
3 to  10  AA^eeks  after  planting  and  to  be  about  30  to  75  percent  Adable 
{13^  Ws  In  the  1950-60  study,  cooperath^e  tests  conducted  by 

E.  H.  Toole,  of  the  Agricultural  Kesearch  SerAdce,  resulted  as  folloAvs : 

(1)  In  tests  immlAdiig  constant  and  alternating  temperatures 
ranging  from  50°  to  95°  F.,  the  greatest  germination  occurred  at 
alternating  temperatures  of  59°  for  16  hours  and  77°  for  8 hours. 

(2)  Viability  of  seed  stored  at  uncontrolled  temperatures  and 
humidity  at  Berkeley  fell  significantly  after  10  months  of  storage. 

(3)  Viability  of  seed  stored  1 to  2 years  at  50°  F.  and  50-percent 
relatAe  humidity  at  BeltsAdlle  did  not  fall. 

(4)  Fresh  seeds  AAxre  dormant  for  an  undetermined  length  of  time. 
This  dormancy  Avas  shoAAUi  by  the  fact  that  germination  increased 
during  the  first  feAv  months  of  storage. 

(5)  The  maximum  Auability  of  six  samples  of  seed  ranged  from 
30  to  92  percent  and  aA^eraged  65  percent. 

(6)  Although  germination  proceeded  A-ery  sloAAdy,  practically  all 
of  it  took  place  Ayithin  60  days. 

At  EAerside  and  Berkeley  the  time  required  for  germination  in 
flats  and  seedbeds  ranged  from  3 to  16  Aveeks.  The  heaviest  germi- 
nation occurred  Avithin  6 Aveeks.  Sporadic  germination  continued  for 
5 or  more  months.  Germination  of  one  lot  of  mixed  seed  extended 
the  6th  week  through  the  26th  month,  the  bulk  of  it  occurring  Avithin 
about  8 Aveeks.  At  Inverness,  seed  planted  in  May  and  August  on 
irrigated  field  plots  germinated  within  8 Aveeks,  but  seed  planted  at 
the  same  times  on  unirrigated  plots  did  not  germinate  until  the  fol- 
loAving  spring. 

Volunteer  seedlings  are  common  around  irrigated  plants  in  Golden 
Gate  Park,  San  Francisco  (fig.  3). 

Under  faAmrable  conditions,  seedlings  groAv  large  enough  for 
planting  in  permanent  positions  Avithin  a year.  They  mature  suffi- 
ciently for  haiwest  Avithin  5 to  8 years.  HoAAUA^er,  seed  cannot  be 
relied  upon  to  produce  uniformly  good  plants  and  therefore  should 
not  be  used  for  crop  production. 

Propagules 

Phormium  propagules  may  be  either  diAUsions  or  cuttings.  DiAU- 
sions  are  shoots  or  fans  that  haA^e  been  separated  from  a mother 
plant.  One  diAUsion  may  consist  of  a single  fan  or  a group  of  two 
or  more  fans.  DiAUsions  are  planted  in  permanent  positions.  Ex- 
periments conducted  at  Berkeley  and  Inverness  showed  that  both  the 
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size  of  the  diyisioii  and  its  growing  condition  at  planting  time  have 
an  important  effect  on  plant  establishment.  At  Berkeley  about  19 
percent  of  Idd  single-fan  divisions  died  within  a year  after  planting. 
Of  those  lost,  73  percent  had  not  more  than  three  pairs  of  leaves; 
80  percent  were  planted  during  the  dry  months  of  April,  June,  and 
August ; and  93  percent  were  not  irrigated. 

Table  6 gives  the  yield  at  35  and  at  45  months  of  plants  that 
developed  from  divisions  planted  in  hills  of  six  types  at  Inverness. 
The  data  afford  a basis  for  the  following  statements : 

(1)  Yield  varied  directly  with  the  number  of  fans  included  in  the 
hill. 

(2)  In  the  series  harvested  twice,  40  percent  of  the  total  yield  was 
produced  in  the  10  months  following  the  first  cutting.  (Comparable 
second  growth  of  phormium  is  illustrated  in  fig.  3.) 

(3)  Yield  per  fan  varied  inversely  with  number  of  fans  per  division. 

(4)  This  trend  of  yield  per  fan,  in  conjunction  with  the  relative 
yields  of  the  single-fan  and  multiple-fan  hills  at  35  months  and  at 


Figure  3. — New  growth  of  plioriiiiiiiii,  9 months  old,  from  roots  of  a plant  har- 
vested at  the  age  of  5%  years  in  the  University  of  California’s  Berkeley  Field, 
1960.  The  new  leaves  are  more  than  three-fourths  as  long  as  those  harvested 
and  weigh  35.7<S  percent  as  much. 
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Table  6. — Fresh-leaf  yield  of  yliormium  divisions  jdanted  in  lulls  of 

6 types ^ Inverness 


Type  of  hil],  in  terms  of  fan  or 
fans  ^ 

Average  yield  of  2 replications  2 
harvested  twice 

Average 
yield  of  6 
replica- 
tions 2 
harvested 
once,  at 

45  months 

At  35 
months 

At  45 
months 

Total  in 
45  months 

Single  fan: 

Grams 

Grams 

Grams 

Grams 

Large 

5,  130 

5,  400 

10,  530 

17,  833 

Small 

7,  050 

5,  800 

12,  850 

9,  733 

Two  or  three  fans: 

United: 

Two  large 

8,  810 

7,  100 

15,  910 

21,  300 

Three  large 

11,  970 

8,  000 

19,  970 

27,  467 

Separated: 

Two  large 

10,  560 

5,  900 

16,  460 

22,  467 

Three  large 

12,  170 

6,  500 

18,  670 

26,  167 

Average 

9,  282 

6,  450 

15,  732 

20,  821 

1 Large  fans  had  5 pairs  of  leaves  each;  smaU  fans  had  3 pairs  of  leaves  each. 

2 Each  replication  was  a single  clone  and  included  1 hill  of  each  type.  Spacing 
was  such  that  plant  growth  was  not  seriously  affected  by  competition. 


45  months,  indicates  that  the  three  types  of  plantings  were  approach- 
ing equality  in  yield. 

Several  minor  objections  to  propagating  phormium  by  division 
have  been  cited  (^,  13^  The  main  disadvantage  is  the  limited 

number  of  new  plants  procurable  from  a plant.  This  can  be  avoided 
by  using  cuttings. 

Stem  cuttings  rooted  and  sprouted  freely  even  when  planted  at 
random  in  exposed  sand  beds.  They  required  no  special  treatment. 
The  growth  of  various  types  of  stem  cuttings  is  shown  in  table  7. 

The  results  in  table  7,  and  other  data  on  the  material  represented 
by  the  table,  show  that  success  in  obtaining  plants  from  stem  cuttings 
varies  according  to  the  following : 

(1)  The  age  of  the  stem.  About  93  percent  of  the  plants  obtained 
were  from  young-stem  cuttings,  although  about  33  percent  of  the 
cuttings  were  from  old  stems. 

(2)  The  part  of  the  stem  from  which  the  cuttings  are  made. 
Cuttings  from  the  apical  region  began  growing  several  weeks  earlier 
than  those  from  the  basal  region  (tig.  4).  Furthermore,  gTowth 
from  old-stem  cuttings  clearly  showed  that  the  stems  were  differ- 
entiated into  three  zones:  A nonrooting  and  nonsprouting  base;  a 
rooting  midsection ; and  a rooting  and  sprouting  apex. 

(3)  The  density  of  the  cutting’s  mother  plant.  Cuttings  from 
equally  old  dense  and  less  dense  plants,  respectively,  averaged  3.6  and 
2.8  sprouts  per  stem. 
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Table  T. — /^ool  and  sprout  formation  in  cuttings  of  various  types 
f rom  stems  aged  approximately  3 and  20  years,  Berkeley 


Ai:)proxiinate  age  of  stem,  and 
t\^pe  of  cutting  ^ 


Cuttings 


3 years: 

X 

/2  L__ 
/4  L__ 
20  years 

X 

HX^. 

/4X_. 

H x_. 

L 

K L__ 
L__ 


Time  ^ 

until — ■ 

Plants 

obtained^ 

Rooting 

Sprout- 

ing 

Week'^ 

Weeks 

Number 

5-10 

1-8 

71 

1-7 

3-10 

34 

1-12 

3-7 

21 

3-5 

4 

1 

2-15 

7 

2 

2-6 

<1 

0 

4-16 

5-7 

1 

3 

<1 

0 

2-3 

4 

1 

2-15 

4-6 

4 

1 X=  cross  section  about  4 cm.  thick.  L = longitudinal  section;  an  entire  3- 

year-old  stem  or  an  8-cm.  section  of  a 20-year-old  stem.  Cuttings  were  left  un- 
split or  split  into  halyes  O'VB),  quarters  or  eighths 

2 Counted  from  the  time  when  the  cuttings  were  made. 

3 All  32  of  the  L cuttings  from  young  stems  rooted.  Out  of  a total  of  65 
old-stem  cuttings,  34  rooted.  In  2 cases  an  extra  plant  was  obtained  by  splitting 
a cross  section  of  a young  stem  between  sprouts  formed  on  opposite  sides  of  the 
section.  Each  of  3 young-stem  L cuttings  formed  2 sprouts. 

^ Data  on  15  cross  sections  of  succulent  tips  are  excluded  from  the  table  because 
all  sections  of  such  tips  decayed. 


That  cutting  the  stem  into  relatively  small  parts  increases  the 
number  of  sprouts  is  shown  by  the  following : 

(1)  Young  stems  cut  into  longitudinal  halves,  quarters,  and  cross 
sections,  respectively,  averaged  2.2,  2.6,  and  4.9  sprouts  per  stem. 

(2)  Eight  of  the  nine  old-stem  cuttings  that  sprouted  Avere  split 
sections. 

Plants  from  stem  cuttings  grow  much  faster  than  seedlings.  Seven 
months  after  the  cuttings  were  made,  each  of  the  resulting  plants  had 
one  to  three  sprouts  (on  an  average,  two) , the  sprouts  had  two  to  seven 
leaves  each  (on  an  average,  four) , and  the  leaf  length  was  14  to  52  cm. 
(on  an  average,  25  cm.).  Mne  months  after  seedlings  were  planted, 
each  seedling  had  one  sprout  and  three  to  six  leaves  (on  an  average, 
four),  and  its  leaf  length  was  12  to  41  cm.  (on  an  average,  14  cm.). 
EA^ery  plant  that  originated  from  a cutting  had  principal  roots 
abundantly  supplied  Avith  secondary  roots  and  rootlets.  Prevailingly, 
lioAveA^er,  each  seedling  still  depended  upon  one  rather  poorly  liranched 
primary  root. 


Time  of  Planting 

In  California’s  summer-dry  climate,  phormium  should  be  planted 
in  time  to  receive  the  full  benefit  of  the  winter’s  rain.  Plants  set 
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Figure  4. — Young-stem  and  leaf  cuttings  of  pliormium  after  38  days  of  culture : 
Left,  long  cuttings ; right,  short  cuttings.  The  top  three  short  cuttings  are 
composed  of  leaves ; the  next  two  are  apical ; the  sixth,  basal.  Typically, 
basal  parts  of  the  stem  are  less  productive  than  apical  parts.  At  this  stage 
productive  short  cuttings  may  be  split  in  half  to  make  two  propagules  each. 

out  in  the  field  just  before,  or  immediately  after,  the  first  rain  in 
Xovember  are  more  likely  to  survive  and  grow  well  than  those  set 
out  in  the  middle  of  the  dry  season. 

SUMMARY  AND  CONCLUSION 

Pliormium  {Phormmm  tenax  Forst.),  a perennial  herb  native  to 
Xew  Zealand  and  Xorfolk  Island,  is  widely  grown  as  an  ornamental 
and  as  a source  of  fiber  for  cordage.  All-phormium  ropes  have  fair 
physical  properties  but  in  general  are  considered  to  be  deficient  in 
weather  resistance.  Test  ropes  blended  of  half-phormium  and  half- 
abaca  had  about  85  percent  of  the  strength  and  durability  of  all-abaca 
ropes  and  compared  favorably  with  sisal  ropes.  Pliormium  was 
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introduced  into  California  in  1858  and  has  become  widely  established 
as  a garden  and  park  plant  along  the  coast  and  also  on  inland  areas 
of  the  State.  It  thrives  Avithoiit  irrigation  along  the  foggy  coast  of 
northern  California.  In  the  warmer  and  drier  parts  of  its  present 
California  range,  the  plant  needs  irrigation.  Studies  of  phormiiim 
as  a fiber  crop  for  California,  based  on  experimental  plantings,  were 
made  in  1950-60. 

Phormium  grows  well  in  many  kinds  of  soil.  It  grows  best  in  rich 
alluvial  loam  or  peat.  Tests  with  commercial  fertilizers  yielded  no 
evidence  of  fertilizer  effects. 

Propagation  is  simple.  The  recommended  method  is  field  planting 
of  divisions  or  cuttings.  Seed  cannot  be  relied  upon  to  produce  uni- 
formly good  plants.  Cultural  needs  are  mainly  limited  to  control 
of  weeds  and  rodents.  Insects  required  control  in  some  instances, 
principally  in  greenhouses.  Red  spider  infested  the  leaves  of  fairly 
young  plants;  mealybug  attacked  leaves,  stems,  and  roots  of  both 
young  and  old  plants.  Plantings  in  need  of  irrigation  or  cultivation 
were  somewhat  subject  to  charcoal  rot  and  anthracnose. 

Yield  of  fresh  leaves  per  acre  per  year  of  planting  spaced  6x6  feet, 
determined  at  Berkeley  and  Inverness,  ranged  from  1.2  to  9.4  tons. 
It  w,as  higher  for  clones  than  for  seedlings. 

Among  30  clones  at  Berkeley,  fiber  yield  ranged  from  16.5  to  20.6 
percent  for  partly  clean  air- dried  fiber.  Among  15  of  these  clones, 
fiber  yield  of  leaves  from  outside  fans  ranged  from  16.36  to  20.38 
percent,  averaging  18.62  percent,  on  an  air-dried  basis  and  ranged 
from  14.86  to  18.88  percent,  averaging  17.12  percent,  on  a moisture- 
free  basis.  The  moisture  content  of  fresh  leaves  from  outside  fans 
of  these  15  clones  ranged  from  71.2  to  74.5  percent,  averaging  72.9 
percent.  Fiber  yield  was  correlated  with  the  weight  ratio  of  leaf 
butt  and  leaf  top  to  the  extent  of  —0.6475.  Significant  yield  differ- 
ences were  found  between  butts  and  tops  and  between  bruised  and 
unbruised  material.  Fiber  percentage  increased  upward  in  the  butt, 
reached  a maximum  in  the  lower  part  of  the  top,  and  decreased  in 
the  upper  part  of  the  top. 

The  fiber  has  been  described  as  nearly  white,  brownish  yellow,  or 
reddish  yellow,  and  as  3 to  12  feet  long. 

The  yields  of  fresh  leaves,  fiber  yields,  quality  of  fiber,  and  harvest 
periods  for  California  correspond  to  those  reported  for  regions  in 
foreign  countries  Avhere  phormium  fiber  is  produced  commercially. 
However,  commercial  production  of  the  fiber  in  California  does  not 
appear  to  be  economically  feasible.  In  parts  of  the  State  where  the 
plant  thrives,  high  cost  of  land  would  prohibit  phormium  culture  or 
at  least  limit  it  to  areas  so  inaccessible  that  costs  of  transporting  the 
raw  material  to  the  mill  would  be  a major  expense.  In  the  poorer 
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growing  areas  extra  cultural  costs,  lower  yields,  or  the  combination 
would  j)revent  profit  under  present  conditions.  Harvesting  and  mill- 
ing are  exj)ensive;  both  involve  considerable  hand  labor.  Further- 
more, it  appears  doubtful  that  the  production  costs  could  be  substan- 
tially reduced  through  cultural  or  technological  improvements. 

LITERATURE  CITED 

(1)  Anonymous. 

1931-33.  EMPIRE  FIBRES  FOR  MARINE  CORDAGE.  LGt.  Brit.]  Imp.  IllSt. 
Bui.  29  : 1-34  ; 30 : 119-124 ; 31 : 500-507,  illus. 

(2)  Aitken,  P.  W. 

1927.  THE  CHEMISTRY  OF  PHORMIUM  TENAX.  NCW  Zeal.  JoiH.  Sci.  aiul 
Tec'linol.  9 : 226-228. 

(3)  Atkinson,  E.  H. 

1922.  PHORMIUM  TENAX.  THE  NEW  ZEALAND  FIBRE  INDUSTRY.  NeW  Zea- 
land Dept.  Agr.  Bui.  95  (n.s.)  : 5-53,  illus. 

(4)  Boyce,  W.  R.,  Newhook,  F.  J.,  Strzemienski,  K.,  and  others. 

1953.  INVESTIGATIONS  INTO  YELLOW-LEAF  DISEASE  OF  PHORMIUM.  PtS. 
I-V.  New  Zeal.  Jour.  Sci.  and  Teclinol.  (Sect.  A)  34:  1-46,  illus. 

(5)  Brandt,  C.  W. 

1937.  CHEMISTRY  OF  PHORMIUM  TENAX  (NEW  ZEALAND  FLAX).  New  Zeal. 
Jour.  Sci.  and  Teclinol.  18  : [613]-627. 

(6)  Critchfield,  H.  J. 

1950.  NEW  ZEALAND  PHORMIUM  FIBER.  Foreign  Agr.  14 : 41-43,  illus. 

(7)  Dewey,  L.  H. 

1943.  FIBER  PRODUCTION  IN  THE  WESTERN  HEMISPHERE.  U.S.  Dept.  Agr. 

Misc.  Pub.  518,  95  pp.,  illus. 

(8)  Dodge,  C.  R. 

1893.  A REPORT  ON  THE  LEAF  FIBERS  OF  THE  UNITED  STATES.  U.S.  Dept. 

Agr.  Fiber  Invest.  Rpt.  5,  73  pp.,  illus. 

(9)  Farrell,  J. 

1921.  NEW  ZEALAND  FLAX  MILLING  TREATMENT.  Jour.  AgT.  Victoria  19  I 
77-88,  illus. 

(10)  Haarer,  a.  E. 

1950.  A NEW  BRITISH  INDUSTRY.  WHY  NOT  GROW  FIBRE?  Fruit  GrOWCr 
No.  2,827  : 361-362. 

(11)  Hector,  J.,  ed. 

1889.  PHORMIUM  TENAX  AS  A FIBROUS  PLANT.  New  Zeal.  Coloii.  Mus.  and 
Geol.  Survey  Dept.  Ed.  2,  95  pp.,  illus. 

(12)  Hilgard,  E.  W. 

1884.  [plants  ready  for  distribution  by  the  university  FEBRUARY  1, 
1883.]  In  Report  of  the  Professor  in  Charge  to  the  President, 
Calif.  Univ.  Col.  Agr.,  1883-84,  pp.  104-105. 

(13)  Jackson,  W.  L. 

1949.  PHORMIUM  TENAX,  NEW  ZEALAND  FLAX.  East  African  Agr.  Jour. 
14  (4)  : 194-195. 

(14)  Kidd,  F.  F. 

1949.  WORLD  STUDY  OF  HARD  FIBERS  AND  HARD  FIBER  PRODUCTS.  Pt.  I.  U.S. 
Dept.  Com.  78  pp.,  illus. 


PROD.  RES.  RPT.  5 7,  U.S.  DEPT.  OF  AGRICULTURE 


20 

(15) 

(16) 

(IT) 

(18) 

(19) 

(20) 

(21) 

(22) 


(23) 

(24) 

(25) 

(26) 

(27) 


Klee,  W.  G. 

1883.  REPORT  ON  FRUIT  AND  MISCELLANEOUS  CULTURES.  lu  Report  Of  the 
Professor  in  Charge  to  the  President,  Calif.  Univ.  Col.  Agr., 
1881-82,  pp.  80-117. 


1887.  ECONOMIC  TREES  AND  PLANTS.  Calif.  Uiiiv.  Col.  Agi*.  Sup.  Bien.  Rpt. 
Bd.  of  Regts.,  App.  Ill,  pp.  108-130. 

Lawrie,  G. 

1948.  THE  PRACTICAL  ROPEMAKER.  118  pp.,  illus.  Belfast. 

New  Zealand  Department  of  Agriculture. 

1912.  phormium  tenax  (new  Zealand  fibre  plant),  method  of  fibre- 
extraction.  New  Zeal.  Dept.  Agr.  Bui.  22  (n.s.),  8 pp.,  illus. 
Oakley,  F.  I. 

1928.  LONG  VEGETABLE  FIBRES.  176  pp.  Loudon. 

Poole,  A.  L. 

1940.  phormium  in  horticulture  and  industry.  New  Zeal.  Inst.  Hort. 
Jour.  10:  [57]-68,  illus. 


1945.  AN  “indigenous  induced”  phormium  tenax  forst.  swamp  in  new 
ZEALAND.  Linn.  Soc.  London,  Jour.,  Bot.  53 : 63-70,  illus. 

Sheehan,  L.  J. 

1960.  investigation  of  suitability  of  phormium  tenax  as  an  extender 
FOR  HARD  FIBER.  Meuio.  Rpt.  No.  15174.  Mater.  Lab.,  Boston  Nav. 
Shipyard.  3 pp.,  illus.  [Processed.] 

S merle,  G. 

1923.  IMPROVE^klENT  OF  PHORMIUM  TENAX  FOR  THE  FIBER  INDUSTRY. 
INVESTIGATIONS  AT  MiRANui.  New  Zeal.  Joui*.  AgT.  26 1 363-370, 
illus. 


1927.  THE  GROWTH  OF  PHORMIUM  TENAX.  SOME  FURTHER  NOTES.  NeW 

Zeal.  Jour.  Agr.  34:  415-416. 

Walker,  W.  C. 

1858-59.  CATALOG  OF  THE  GOLDEN  GATE  NURSERY  COMPANY,  SAN  FRANCISCO. 

[On  file  Calif.  Univ.  Libr.,  Berkeley.] 

Weindling,  L. 

1947.  LONG  VEGETABLE  FIBERS,  MANILA,  SISAL,  JUTE,  FLAX  AND  RELATED 
FIBERS  OF  COMMERCE.  311  pp.,  illus.  New  York. 

ZiPPRODT,  R.  R. 

1942.  REPORT  TO  SECRETARY  OF  WAR  ON  MANILA  FIBER  SUBSTITUTES. 

(Second  installment.)  Cord  Age  37  (4)  : 18-20,  22. 


U.S.  GOVERNMENT  PRINTING  OFFICE;  1962 


Growth  Through  Agricultural  Progress 


